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Introduction 


The summaries of sea water densities presented in this publica— 
tion are based on observations made in Pacific harbors and coastal 
waters through the year 1957. The densities were observed primarily 
at tide stations which, in the United States and possessions, were 
maintained by the Coast andGeodetic Survey, often with the cooperation 
of otherorganizations. The data forsix places onthe California coast, 
namely, La Jolla, Balboa, Port Hueneme, Pacific Grove, North Farallon 
Island and Blunts Reef Lightship, were supplied by the Scripps Institu- 
tion ofQOceanography. The data for places in Chile were supplied by the 
Departamento de Navegacion e Hydrografia, Republica de Chile, and for 
the Philippine Islands'by the Bureau of Coast andGeodetic Survey of the 
Republicofthe Philippines. For other countries, the Coast andGeodetic 
Survey derived the data from observations made by organizations in the 
countries concerned. In Latin America the observations were obtained 
through the cooperation of the Inter American Geodetic Survey. 

Table 1 presents monthly means and annual mean and extremes for 
each year of observations. Maximum and minimum densities are shown for 
each year in which observations were made, whether or not the observa— 
tions covered the whole year. In all cases the yearly extremes are from 
the months of the year for which means are given. If they are from an 
incomplete year, they are followed by an asterisk. 

For each station at which the series of observations covered two 
or more years, there are given also the following monthly values for 
the series: the mean of the monthly means together withits correspond— 
ing salinity, the maximum density observed, the mean of the monthly max— 
ima, the mean of the monthly minima, and minimum observed. 

Following the table of densities are graphs of monthly mean salin-— 
ities showing the seasonal variations for many places listed in Table 1. 

The observations are made by drawing a sample of water from near 
the surface and observing its density by means of a hydrometer. They 
are usually made once each weekday at whatever time the observer at- 
tends the tide gage. It may be assumed that in the course of a month 
or a year the distribution of observations is fairly uniform over all 
phases of the tide. At some stations situated within or near the en- 
trance of an estuary, the density varies with the stage of the tide or 
with the direction of the tidal current. 

The densities in Table ] are given with respect to the density of 
pure water at a temperature of 4°C (39.2°F) as unity. The actual den- 
sity of the water may vary froma little less than unity for fresh wa- 
ter at a temperature other than 4°C to approximately 1.0310 for the 
heaviest sea water. Since the density of sea water, as observed, de- 
pends not only upon the amount of soluble matter contained in a unit 
volume but also uponthe temperature of the water at the time the read- 
ing was made, it is necessary to reduce the observed densities to some 
standard temperature in order that they may be comparable. In this 
publication the observed densities have been reducedtoa standard tem- 
perature of 15°C (59°F). The density of pure water free from air at 
a temperature of 15°C is 0.9991. 

The salinity of sea water, denoted by the symbol o/oo, is defined 
as the number of grams of salts contained in 1000 grams of sea water. 
Salinity can be determined by several different methods, one of the 
simplest being based upon the density of the water as obtained from 
the use of the hydrometer. Table 2 gives the salinity corresponding 
to different values of density at the standard temperature of 59°F. 
(15°C.) to which all densities in this publication are referred. 

For some practical uses of density data, it is more important to 
know the density at the temperature apt to be encountered than at the 
standard temperature. The graph, Sea Water Density at Various Temper- 
atures, provides for converting density at 59°F (15°C) to density at 
other temperatures. 
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List of Stations 


Station ate 


Aberdeen, Grays Harbor, Wash------------------------- 46 
Acapulco, Mexico------------------------------------- 16 
Alameda, Calif----------------------------+-5-------- 37 
Anacortes Si 2 ae = ee oe ee ee oe 48 
Angaur Estland, Palau Islands=-toss+= =~ 2Se es cae 6 
Antofagasta, Chile----------------------------------- 23 
Apia (observatory), Samoa Islands---------------- snd eS 
Arica, Chile----------------------------------------- 18 
Astoria (Tongue Point), Ore-------------------------- 46 
Avila Beach, Calif---------------------------.------5 35 
Balboa, Calif-------- ee nn 33 
Bandon, Coquille River, Ore-------------------------- 43 
Benicia, Carquinez Strait, Calif--------------------- 38 
Blavtacheeh Taphtshtpss oo). 2. ceeken ste ee Oe a 40 
Bremerton, Wash-~-=----------------------------=----<s- AT 
Brighton, Nehalem River, Ore------------------------ = AS 
Buenaventura, Colombia------------------------------- 3 
Caldera, Chile--------------------------------------- 27 
Callao (La Punta), Peru------------------------------ 12 
Callao (Naval Arsenal), Peru------------------------- 12 
Canton Island, Phoenix Islands----------------------- 9 
Cathlawee! Columbia River; Washes------4--5-2-22 25575 46 
Cebu, Cebu Island, Philippine Islands---------------- 10 
Chimbote, OA Ties See ees one 5 SSeS See SASS ae ee ae ees 9 
J )sjee tn: [elindesssssscsessssssssssssssescsesscssesece 1 
Collinsville, Sacramento River, Calif---------------- 38 
Constantine Harbor, Amchitka Island, Alaska---------- 51 
Coos Bay entrance, Ore------------------------------- 43 
Cordova, Alaska-------------------------------------- 60 
Crescent City, Calif--------------------------------- Al 
Davao, Mindanao Island, Philippine Islands----------- 7 
Dumbarton Bridge, San Francisco Ba | Gpldfesssocceoss 37 
Dutch Harbor, Race alk Island, igi 2osessesoseseesss 53 
Easter Island---------------------------------------- 27 
Ensenada, Mexico------------------------------------- 31 
Everett, Wash---------------------------------------- AT 
Florence, Siuslaw River, Ore------------------------- 43 
Friday Harbor, San Juan Island, Wash----------------- Ag 
Gardiner, Umpqua River, Ore-------------------------- 43 
Garibaldi, Tillamook Bay, Ore------------------------ 45 
Guadalcanal I. (Kukum), Salonen, Iie lande= seco aes as 9 
Guam (Apra Harbor), Marianas------------------------- 13 
Guaymas, Mexico----------------------------+--------- 27 
Haines, Alaska--------------------------------------- 59 
Harrington Point, Columbia River, Wash--------------- 46 
Hilo, Hawaiian Islands------------------------+------ 19 
Hono tin, eldwavddn ls lands= ose = 2) ee eee 21 
Johnston Island, Hawaiian Islands-------------------- 16 
Jolo, Jolo Island, Philippine Islands---------------- 

Juneau, Alaska--------------------------------------- 58 
Kaneohe Bay (Mokuoloe I.), Oahu I., Hawaiian Islands-- 21 
Ketchikan, Alaska------------------------------------ 55 
Kodiak, Kodiak Island, Alaska------------------------ 57 
Koror, Koror Island, Palau Islands------------------- 7 
Kwajalein Island, Marshall Islands------------------- 8 
La Jolla, Calif-------- ---5-2-2 22-202 02 cee seus css 32 
Ea Libertad, (henador-=—--=- <--> - seen e ome ee a= 2 
La Paz, Mexico--------------------------------------- 24 
a tas SS UMA G ye ae SA ee eee eee oseoe 13 
Legaspi, Luzon Island, Philippine Islands------------ 13 
Los Angeles (Outer Harbor), polit Bebe uscd stwetoc sees 33 
Manila, Luzon Island, Philippine Islands------------- 14 
Manzanillo, Mexico----------------------------------- 19 


Mare Island Strait, Calif---------------------------- 38 
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List of Stations -Continued 


Station Lat. 
° ' 
Massacre Bay, Attu Island, Alaska-------------------- 52 50N. 
Matarani, Peru--------------------------------------- 17 OOS. 
Mazatlan, Mexico------------------------------------- 23° DIN. 
Midway Islands, Hawaiian Islands--------------------- 28 13N. 
Naos Island, Canal Zone------------------------------ B-RSN, 
Neah Bay, Wash--------------------------------------- 48 22N 
New Hope Ory dre Mokelumne River, Calif-------------- 38 14N 
gh ye IR ee a SE Oe 33 36N. 
Newport, Yaquina Bay, Ore---------------------------- 44 38N. 
North Farallon Island, Calif------------------------- 37 46N. 
Olympia, Wash---------------------------------------- 47 O3N. 
Pacific Grove, Calif--------------------------------- 36 38N. 
Pago Pago, Samoa Islands--------------------+--------- 14 17S. 
Peard Bay, Alaska------------------------------------ 70 48N. 
Pittsburg, New York Slough, Calif-------------------- 38 O2N. 
Point Barrow (Elson Lagoon), Alaska------------------ i eee 1 
Point Barrow (ocean), pee ------------------------- Ue 23Ne 
Point San Quentin, San Francisco Bay, Calif---------- 31 SIN. 
Port Angeles, Wash----------------------------------- 48 O8N. 
Port Hueneme, Calif---------------------------------- 34 OON. 
Port Moller, Alaska-----------------------------.---- 55 59N. 
Peeoetamsend (Fort Worden), Wash----==---* Lolo... — 48 O8N. 
Preseners Point, San Joaquin River, Calif=-=-<-+---~ 22 38 OA4N. 
Puerto Armuelles, Panama----------------------------- 8 16N. 
Puerto Montt, Chile---------------------------------- 41 29S. 
Puerto Pefiasco, Mexico------------------------------- 3L TSN. 
Punta Arenas, Magellan Strait, Chile----------------- 53 09S. 
Raymond, Willapa Bay, Wash--------------------------- 46 41N. 
Rio Vista, Sacramento River, Calif------------------- 38 OON. 
Salina Cruz, Mexico---------------------------------- 16 1ON. 
Seo Goon). OA pee ee ee eee 32 42N. 
San Fernando, Luzon Island, Philippine Islands------- 16% 37N- 
San Francisco (Fort Point), Calif-------------------- 37 48N. 
San Francisco (Hunters Point), Calif----------------- 37 44N. 
San José, Guatemala---------------------------------- 13 SSN. 
San Juan del Sur, Nicaragua-------------------------- Ll. Pol: 
Santa Barbara, Calif--------------------------------- 34 Z5N: 
Santa Monica, Calif---------------------------------- 34 OON. 
Sausalito, Calif------------------------------------- a4. SiN. 
Seattle (Duwamish River), Wash----------------------- 47 32N. 
Seattle (Elliott Bay), Wash-------------------------- 47 36N. 
Seward, Alaska--------------------------------------- 60 O6N. 
Sitka, Alaska---------------------------------------- 57 OSN. 
Skagway, Alaska-------------------------------------- 59 27: 
Skamokawa, Columbia River, Wash---------------------- 46 1L6N. 
Sweeper Cove, Adak Island, Alaska-------------------- Sl. SIN. 
Tacloban, Leyte Island, Philippine Islands----------- 11 15N. 
Tacoma ash------------------ [ae mine mann omen acennasans 47 17N. 
eee alee Bays Ore 2-222 62=s6 26 2 aa oe 44 56N. 
Talara, Peru----------------------------------------- 4 35S. 
Talcahuano, Chile---------------- ieietateatateteteiateteiataieteietetatad 36 41S. 
Three Mile Slough, San Joaquin River, Calif---------- 38 OSN. 
Tokeland, Willapa Bay, Wash-------------------------- 46 42N. 
Topolobampo, Mexico---------------------------------- 25 36N. 
Truk Islands (Moen Island), Caroline Islands--------- Teeth 
Tumaco, Colombia------------------------------------- 1 50N. 
Unalaska, Unalaska Island, Alaska-------------------- 53 53N. 
Valparaiso, Chile------------------------------------ 33 02S. 
Wake Island------------------------------------------ £9" FTN: 
Wauna, Columbia River, Ore--------------------------- 46 10N. 
Womens Bay, Kodiak Island, Alaska-------------------- 57 43N. 
Yakutat, Alaska-------------------------------------- 59 33N. 
Yap Island, Caroline Islands------------------------- 9 30N. 


Yerba Buena Island, San Francisco Bay, Calif--------- ST 
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Mean Salinity Curves 


Monthly mean salinities in parts per thousand are presented graphically to show the seasonal variation. 
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Mean Salinity Curves- Continued 
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Continued 


Mean Salinity Curves- 


OCT. NOV. DEC. 


AUG. SEPT 


JUNE JULY 


MAY 


APR. 


B. MAR. 


FE 


%eo JAN. 


DEC. 


NOV. 


AUG. SEPT. OCT. 


MAY JUNE JULY 


APR. 


XIAN. FEB. MAR. 


LA PAZ, MEXICO 


MATARANI, PERU 


TUMACO, COLOMBIA 


6 SSS 
EEE 
et ae a 
Scar [ck ie 
Ff | | |__[eatbaocttaval Arsenal, PERU + 


34 
32 
34 
32 
30 
36 


78 


Table 2. Corresponding Densities and Salinities 
(Density at 15°C. -- Salinity in parts per 1000) 


Den- Sal-| Den- Sal- Den- Sal- Den- Sal- Den- Sal- 

sity inity| sity inity| sity inity| sity nity ini sity inity 
0.9991 0.0 1.0156 - 1.0211 1.0266 35.8 
0.9992 0.0 1.0157 - P0212 V026%) 3559 
0.9993 0.2 1.0158 1.0213 1.0268 36.0 
0.9994 0.3 1.0159 1.0214 : 1.0269 36.2 
0.9995 0.4 1.0160 : 1.0215 10270) 36.3 
0.9996 0.6 Ut 1.0161 : 1.0216 5 1.0271 36.4 
0.9997.) 0.7 ine 1.0162 1,0217 1.0272)" 3656 
0.9998 0.8 8.0 1.0163 1.0218 : PAO2TS) 36.10 
0.9999 0.9 8.1 1.0164 1.0219 5 1.0274 36.8 
1.0000 1.1 8.2 1.0165 1.0220 ° O20 
1.0001 “L.2 8.4 5.6 | 1.0166 1.0221 130276 stat 
1.0002 1.3 8.5 5.7 | 1.0167 1.0222 5 1.0277 37.2 
1.0003. .1.5 8.6 5.8 | 1.0168 1.0223 1.0278 37.3 
1.0004 1.6 8.8 6.0 | 1.0169 1.0224 AO 2TO eSsities 
1.0005 1.7 8.9 6.1 | 1.0170 ° 1.0225 C 1.0280 37.6 
1.0006 1.9 9.0 G.2 1) LOL 1.0226 6 LOZ Siew 
1.0007 2.0 9r2 6.3 | 1.0172 : 1.0227 0 150282 3729 
TS CGR) 2.31 Loe Goon LaOl7s 1.0228 1.0283 38.0 
1.0009 2.2 9.4 6.6 | 1.0174 1.0229 C 1.0284 38.1 
1.0010 2.4 9.6 Gata lele ONS 1.0230 0 P0285 38.2 
POOL 2s 9 Ss Tf (Se) || sale (ss - 1.0231 2 1.0286 38.4 
10012. ~2.'6 9.8 oY |) Lee WUrey 0 1.0232 5 1.0287 38.5 
100137) 2.8 9.9 1 | 1.0178 x 1.0233 5 1.0288 38.6 
1.0014 2.9 aL arora le O79. 1.0234 1.0289 38.8 
1.0015 3.0 .2 4 | 1.0180 5 1.0235 . 1.0290 38.9 
1.0016 ~ 3.2 58 5 | 1.0181 1.0236 69 1.0291) 253950 
POON sce ae 7 | 1.0182 ; 1,0237 Ole 29 2392 
1.0018 3.4 6 8 | 1.0183 c 1.0238 ae O2OSE sos 
LJODIO te aS aU 9 | 1.0184 . 1.0239 -3 11.0294 39.4 
1.0020 3.7 8 0 | 1.0185 : 1.0240 24) |) 0295 193956 
1.0021 3.8 0 1.0186 C 1.0241 7) | 2.0296 3957 
150022) +359 i 1.0187 0 1.0242 ee O29 3958 
150023: ) 34.41 2 1.0188 . 1.0243 ~8 || 10298 39.9 
50024.) 4.2 4 1.0189 - 1.0244 -9.{ 1.0299 40.1 
1.0025 4.3 5 1.0190 1.0245 -1 | 1.0300 40.2 
1.0026 4.5 6 1.0191 1.0246 : 1.0301 40.3 
1.0027 4.6 8 1.0192 1.0247 5 1.0302 40.4 
1.0028 4.7 9 1.0193 1.0248 : 1.0303 40.6 
1.0029 4.8 0 1.0194 2 .0249 - 1.0304 40.7 
1.0030 5.0 7 1.0195 : . 0250 1.0305 40.8 
1.0031 Sai: ad 1.0196 . 0251 ° 1.0306 41.0 
V500326 baz 4 1.0197 P 0252 0 1.0307 41.1 
1.0033 5.4 6 1.0198 0253 1.0308 41.2 
1.0034 5.5 ant 1.0199 . .0254 . 1.0309 41.4 
ACU UB Bye RAG 8 1.0200 A 0255 5 OS TOM Ao 
Li0036a 1528 9 .0201 ° . 0256 : 1.0311 41.6 
1.0037 5.9 “dl .9202 A 0257 1.0312 41.7 
1.0038 6.0 Ae -9203 - . 0258 4 WO3sl3s) 4159 
120039: |. 622 aD 0204 c 0259 - 1.0314 42.0 
1.0040 6.3 od .0205 é . 0260 1.0315 42.1 
1.0041 6.4 6 . 0206 fs . 0261 - PAOSLGT 4253 
1.0042 6.6 7 . 0207 ° .0262 5 PUR) We 
1.0043 6.7 9 . 0208 ; .0263 A 1.0318 42.5 
1.0044 6.8 0 . 0209 “ . 0264 OSLO Mra Zar, 
1.0045 6.9 1 .0210 “ .0265 5 1.0320 42.8 
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Sea Water Density at Various Temperatures 


The purpose of this graph is to provide the density of sea water at any temperature apt to be encountered 
when the density at the standard temperature of 59°F. (15°C.) is known. It is intended primarily for use with 
this density publication which gives densities at 59°F. and with Coast and Geodetic Survey Special Publication 
No. 280 which gives sea water temperatures for the same stations. 

To convert a density at 59°F. to density at another temperature, enter the graph horizontally from the 
left with the known density and downward from the top with the desired temperature; the position of the 
point of intersection with respect to the curves gives the density at the desired temperature. Interpolate 
between curves when necessary. For example, by this method, water having a density of 1.0162 at 59°F. is 
found to have a density of 1.0124 at 85°F. 

The densities are referred to the density of fresh water at 4°C. (39.2°F.) as unity. 
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